In this paper we investigate the real interest parity condition in ten Eastern European transition countries during 1997-2009 period. Our sample is interesting for three reasons: It covers the second stage of economic transition in the aftermath of the collapse of socialism; the establishment of Euroland at the turn of the century: and enlargement of Euroland to include the Eastern European countries of Slovenia and Slovakia. The data enables us to investigate how the introduction of market mechanisms in the early nineties and the establishment and enlargement of Euroland acted on real interest rate convergence. We test the real interest parity condition with unit root test with and without structural breaks. Inflationary expectations are estimated in two ways: (i) under assumption of rational expectations with ex-post inflation rates and (ii) with ex-ante estimated inflation expectation using ARIMA/ARCH model. Preliminary results suggest that there is a strong evidence of stationarity and relatively weaker evidence of structural breaks.
INTRODUCTION
Tests of the interest rate parity in emerging economies usually result with puzzling outcome. According to the theoretical assumptions -perfect capital mobility, risk neutrality, and transaction costs -it is realistic to expect that interest rate parity will hold in developed economies, and that incomplete institutional reforms, relatively volatile economic conditions, weaker macroeconomic fundamentals and shallow financial markets will create major obstacles for the mean reversion of the interest rate differential in developing countries.
Contrary to theoretical implications, early empirical results have offered opposite evidence. Early studies for developed countries usually resulted in wrong signs of estimated coefficients (Sarno and Taylor . When it comes to transition countries, environment for the estimation of interest rate parity is even more puzzling. Transition countries performed wide range of market based reforms during last 20 years, removing obstacles to capital mobility, reducing risk premiums and performing institutional reforms. Obviously, such an environment provides interesting opportunity to estimate effects of reforms on the real interest rate convergence.
The fact that we are dealing with developing countries should indicate that there might be a case for linear mean reversion, while numerous institutional reforms (EU and EMU enlargement) might indicate possibility of structural breaks or nonlinear convergence (transaction costs).
Hitherto, several studies investigated real interest rate parity (RIRP) in transitional countries. Arghyrou, Gregoriou and Kontonikas (2008) tested real interest parity with rational inflation expectation in EU25 countries during 1996-2005 with structural break unit root tests. They used three months money market interest rate for nominal interest rate and EMU average as numeraire country. Due to data availability money market interest rate was used as nominal interest rate for most of the countries, and treasury bill rate, deposit rate and interbank rate for other countries. Results pointed to the existence of evidence in favor of the empirical fulfillment of the RIRP when possibility of nonlinearities is taken into account.
In this paper in order to explore the effect of maturity on real interest parity convergence we will used month, three months, six months and twelve months money market interest rate. Also, as a reality check we use fit, adaptive, inflation expectations using ARIMA/ARCH methods and compare these results side-byside with rational inflation expectation. We adopt three methodologies: standard unit root tests; Lee and Strazicich (2004) minimum LM-unit tests with a structural break; and the Horvath and Watson (1995) cointegration test with a pre-specified cointegrating vector.
The remainder of the paper is as follows, in Section 1 we summarize the theoretical underpinnings of real interest rate parity; Section 2 discusses the data and provides some descriptive statistics; in Section 3 we outline the statistical tests and provide a summary of inflation expectations; Section 4 summarizes the results; finally Section 5 provides some summary remarks.
THEORETICAL MOTIVATION
The real interest parity (RIRP) condition can be derived from ex ante relative purchasing power parity (ERPPP), the Fisher relation, and the uncovered interest parity (UIP) condition. We define the exchange rate as units of domestic currency per unit of foreign currency, which we take to be the (German) (5) which requires that, in the long run, both asset and goods markets are in equilibrium. Equation (5) is the basis for our empirical analysis.
DATA
Entire dataset dof inflation and nominal interest rates is downloaded from Eurostat. We use monthly data for one, three, six and twelve month annual money market interest rates for Bulgaria (BUL), the Czech Republic (CZE), Estonia (EST), Hungary (HUN), Latvia (LAT), Lithuania (LIT), Poland (POL), Romania (ROM), Slovakia (SLK), and Slovenia (SLO) and Euroland as the numeraire country. Since all interest rates are published as annualized series, we have adjusted one, three and six months bonds to get compatible maturity/span with inflation rates. . This formulation is more relevant given the degree of risk in the Eastern European countries. 2 In order to increase number of observations, we have used Euroland interest rates for Slovenia and Slovakia after they joined EMU. 3 It is possible to annualize one, three, six months' inflation rates instead. (6) and used in equation (5) .
Because data on expected inflation is not readily available we use ex-post and ex ante inflation expectation. Former assumes perfect forecasting skills which means that inflation expectations are equal to the realized inflation. On the other hand in the relatively highly volatile and inflation environment of Eastern Europe, we might be better served to use adaptive expectations, which is discussed below. Table 1 shows the mean, the standard deviation and the number of usable data, N , of the relative real interest rate for each of the countries in the sample, for example, with twelve month interest rates, Bulgaria only has 38 months of usable data. Given the nature of the data, as can be seen there is a considerable amount of missing data and no country has usable observations for each period. As a word of caution, this is likely to influence some of our results. Generally, we can see that Slovenia has the most stable real interest rate, likely due to that country's move towards Euroland and its successful entry in 2007 required it meet certain convergence criteria. Figure 1 shows the real interest rates standard deviation across all countries for periods where every country has an observation --there are a considerable number of missing observations and at unpredictable intervals. Thus, in a given month if all countries have data except for one, the standard deviation is not calculated. For the one and three month real interest rates there are 98 observations, for six month 17 = T , and for twelve month,
= T
. The most striking observation is the relative stability of the standard deviations between real interest rates with rational expectations versus those using adaptive expectations. The overall standard deviation for one month real interest rates are (0.212, 0.124) when using rational and adaptive expectations respectively; for three month (0.541, 0.537); six month (0.644, 0.576); and for twelve months (0.769, 0.690). Furthermore, we the volatility of real interest rates decline over the period, suggesting converging inflation and risk premia -though the lack of observations for the six and twelve month real interest rates do not yield that much information. Figure 2 presents the standard deviation of real interest rates for all data (whether or not some data is missing) with rational expectations. From this figure we can clearly see a convergence of interest rates over time. We can also see how stable twelve month real interest rates over the entire sample period.
Fitted Inflation Expectations
To model adaptive expectations we employ ARMA/ARCH models to generate inflation forecasts. The Table 2 are used as ex ante estimated expected inflation for each period in RIRP test. Table 1 shows the mean and standard deviation of the relative real interest rate for each of the countries in the sample. Generally, we can see that Slovenia has the most stable real interest rate, likely due to that country's move towards Euroland and its successful entry in 2004 required it meet certain convergence criteria. Figure, 1 shows the real interest rates standard deviation across all countries for periods where every country has an observation --there are a considerable number of missing observations and at unpredictable intervals. Thus, in a given month if all countries have data except for one, the standard deviation is not calculated. For the one and three month real interest rates there are 98 observations, for six month 17 = T , and for twelve month, 10 = T . The most striking observation is the relative stability of the standard deviations between real interest rates with rational expectations versus those using adaptive expectations. The overall standard deviation for one month real interest rates are (0.212, 0.124) when using rational and adaptive expectations respectively; for three month (0.541, 0.537); six month (0.644, 0.576); and for twelve months (0.769, 0.690). Furthermore, we the volatility of real interest rates decline over the period, suggesting converging inflation and risk premia -though the lack of observations for the six and twelve month real interest rates do not yield that much information. Figure 2 shows the standard deviation of real interest rates for all data (whether or not some data is missing) with rational expectations. From this figure we can clearly see a convergence of interest rates over time. We can also see how stable twelve month real interest rates over the entire sample period.
Descriptive statistics

STATISTICAL METHODOLOGY
Unit Root Tests
Equation (5) under the null that the (1) AR coefficient is equal to one, that is a nonstationary process. The statistic of interest is the Studentized − t statistic of ρ which follows a non-standard distribution as the null of nonstationarity violates the classic statistical assumptions. Note, the specification in (9) implicitly restricts the cointegrating vector to ) 1 (1,0, ′ − .
Unit Tests with a Structural Break
As discussed above, most of the Eastern European and former Yugoslavian economies have undergone dramatic shifts in their structure. Previous research suggests there is some evidence for long term productivity changes, via the HBS effect. Given the exposure to foreign capital and rising incomes over the sample period, especially in post-war Yugoslavia, both of these effects are likely to play a role in price dynamics and a good test case for understanding price behavior under, sometimes, a less than ideal environment. Perron (1989) was the first to demonstrate that structural breaks in the data might be misinterpreted as a permanent stochastic process. He considered three models which explain changes in the deterministic process. In Model ``A'' the time series undergoes a single level shift; Model ``B'' exhibits a change in the slope; and Model ``C'' nests both processes. While his test was successful at rejecting unit roots in the standard Nelson and Plosser (1982) data, the test itself requires rather savvy use of the eyeball metric by the econometrician to exogenously choose the break point. The Zivot and Andrews (1992) test, on the other hand, allows the data to endogenously choose the break using a ``minimum'' t -test, checking for a break in each period.
We employ the Amsler and Lee (1995) single break LM test under both the null and alternative hypotheses. Consider the following DGP: We use LM specification as break test which is estimated using 
Cointegrating Methods
The standard cointegration test is the The Jöhansen estimator which is calculated from a standard VAR into its' error correction model (VECM) form. However, Horvath and Watson (1995) argue that pre-specifying a cointegrating vector of 1s, 0s, and --1s with no unknown parameters, such as is hypothesized here improves the power of standard cointegration tests, such as the Jöhansen (1988) α are equal to zero. The Wald statistic is then calculated using the estimated covariance matrix. Equation (12) 
, is the gains in power, a shortcoming for many tests using short data series.
Unfortunately, using pre-determined cointegrating vectors precludes us from using the data to estimate the cointegrating vector. Happily, the HW test can also be used to estimate an unrestricted cointegrating vector βˆ, but at a loss of power. Regardless, the hypothesis suggests that βˆ should be in the neighborhood of 1 − . Both the restricted and unrestricted HW tests on equation (12) are used.
RESULTS
Unit Root Results
Our analysis begins with results of unit root tests using the standard specification in equation (9) . Results of these tests, with no constant can be found in Table 3 As can be seen in the figures, at 5% level of significance, in total 21 series is stationary with rational expectation and 25 with fitted expectation. In total 28 series is stationary with fitted and/or rational expectation. If we analyze data according to the maturity, the largest number of nonstationary variables (5) is with 12 months parity, which can be justified with risk premium (long run) and small number of observation for Hungary and Bulgaria. Six months interest rate has three (LAT, LIT and POL) nonstationary parities, and one and three months parities has only two nonstationary variables (POL, ROM at three months and HUN, POL at one month).
Results of structural break tests
Having in mind that there is at least 12 nonstationary real interest rate parities in ADF unit root test, testing procedure was continued with unit root test that allows for single break under both the null and alternative hypotheses. Tables 5 and 4 and Figure 7 .
Results of the Amsler and Lee (1995) single break LM test are presented in
For obvious reasons, Figure 7 presents LM unit root results only for 12 series that were (1) I in the ADF unit root test.
With single break under both the null and alternative hypotheses, 4 out 12 otherwise (1) I series appear to be stationary after breaks are accounted for. Three series for Poland (1, 3 and 6 months) and 1 month series for Hungary are stationary with single break. Also, 3 and 6 months parity for Poland is stationary with rational and fitted expectation. Other 8 series, 3 months ROM, 6 months LAT and LIT, 12 months BUL, HUN, LAT, LIT and SLO, remained nonstationary even after single breaks are accounted for. In the same way as in the case of ADF test, the largest number of nonstationary series is in the 12 months maturity, while only three short run series that are not mean reverting.
Cointegration Results
Results of the cointegration tests can be found in Table 6 Turning our attention to the cointegration tests with an unknown cointegrating vector, we can see that we can reject the null of nonstationarity for 13 series with rational expectation and 18 series with fitted expectation. We also see that the cointegrating vectors are far from those hypothesized in the real interest rate literature, particularly for rational expectations. Indeed many of the estimated coefficients 3 |> | β . We interpret this divergence from the hypothesized vector as a considerable inflation and systemic idiosyncratic risk premia associated with these countries. There are notable exceptions: Fitted one month Czech and Slovak real interest rates; Estonia three month, with both types of inflation expectations; Estonian and Hungarian fitted six month real interest rates; and Slovak and Hungarian 12 month rational and Bulgarian, Hungarian, and Slovak 12 month fitted real interest rates. Overall, we do see, however, that using fitted expectations fits the model better than does rational expectations for many of the series.
Turning our attention to statistical significance we see that, as predicted, the restricted model rejects the null of no cointegration in almost all series with rational expectation and almost all using fitted expectation with the exception of Poland.
SUMMARY
We consider real interest parities for ten Eastern European countries with various maturities for money market interest rates one, three, six and twelve months rather than simply look at three month real interest rates. Secondly, given the underlying economic environment of these countries and the corresponding relatively high rates of inflation we consider a both rational and adaptive expectations. Models which utilize adaptive expectations are more successful than using rational expectations while in the midst of high inflation regimes. Indeed, a goal of monetary policy is to reduce inflation to allow economic actors to better formulate rational expectations.
And this is further explained in the data. While we can reject a unit root in real interest rate parity in 21 of the series using rational expectations when using fitted expectations we add seven more stationary series. Moreover, given the nature of the data, when we introduced a structural break into the analysis four more series are stationary.
Of the remaining non stationary series: Five of the remaining nonstationary variables are for 12 months maturity, and two are for six months maturity, which might indicate that risk premium might have influenced longer span maturities in our sample. Also, two of nonstationary variables have really a small number of observations which might reduce the power of the test.
The most significant results from cointegration tests is the large deviation from hypothesized cointegrating vector and when allowing the data to choose the cointegrating vector many of the series estimate coefficient larger then three in absolute value. In addition we are unable to reject the null of no cointegration when the coitnegrating vector is unknown. However, when restricting the cointegrating vector to the hypothesized values, the results fall in line more with standard unit root tests. 
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